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A growing amount of evidence suggests that viewing a photograph depicting motion activates the same
direction-selective neurons involved in the perception of real motion. It has been shown that prolonged
exposure (adaptation) to photographs depicting directional motion can induce motion adaptation and
consequently motion aftereffect. The present study investigated whether adapting to photographs
depicting humans, animals, and vehicles that move leftward or rightward also generates a positional
aftereffect (the motion-induced position shift – MIPS), in which the perceived spatial position of a target
pattern is shifted in the opposite direction to that of adaptation. Results showed that adapting to still
photographs depicting objects that move in a particular direction shifts the perceived position of subse-
quently presented stationary objects opposite to the depicted adaptation direction and that this effect
depends on the retinotopic location of the adapting stimulus. These results suggest that the implied
motion could activate the same direction-selective and speed-tuned mechanisms that produce positional
aftereffect when viewing real motion.
 2010 Elsevier Ltd. All rights reserved.1. Introduction
When viewing a photograph of a person, an animal, or a vehicle,
one can immediately say whether it is moving or stationary. The
extraction of motion information from a stationary photo depends
on inferences based on prior experiences; indeed, a photo depicting
a moving object represents a very different stimulus from those
usually used to investigate the mechanisms and the neural sub-
strates of motion perception. A striking number of studies have
attempted to determine whether implied motion from pictorial
stimuli causes the activation of the same direction-selective neu-
rons involved in real motion perception (Kourtzi & Kanwisher,
2000; Lorteije et al., 2006, 2007, 2010; Osaka, Matsuyoshia, Ikeda,
& Osaka, 2010; Senior et al., 2000; Williams & Wright, 2010;
Winawer, Huk, & Boroditsky, 2008). Neuroimaging studies have
shown that the cortical areas involved in real motion processing
are also activated by viewing implied motion stimuli (Kim & Blake,
2007; Kourtzi & Kanwisher, 2000; Osaka et al., 2010; Senior et al.,
2000; Williams & Wright, 2010). For example, using fMRI, Kourtzi
and Kanwisher (2000) found strong activation of the V5/MT and
MST areas while the subjects viewed static photographs with im-
plied motion as compared to photographs depicting still objects.
Taken together, these results suggest an interaction between real
and implied motion processing at a neuronal level. More recentll rights reserved.
eneral Psychology, University
).studies have provided electrophysiological and psychophysical evi-
dence that the same direction-selectivemechanisms are involved in
the perception of both implied motion and physical motion. For
example, using event-related potentials (ERPs), Lorteije et al.
(2007) found that viewing static pictures depicting running humans
caused neural activity in the dorsal motion-sensitive cortex. In par-
ticular, they showeda reduction in the amplitude of the impliedmo-
tion response after adaptation to real motion in the same direction
as the implied motion. To more deeply investigate whether implied
motion processing relies on the same direction-selective neural
populations involved in visual motion processing, Winawer et al.
(2008) used the paradigm of the motion aftereffect (MAE; for a re-
view see Mather, Pavan, Campana, & Casco, 2008); that is, a pro-
longed exposure (adaptation) to directional motion causes a
subsequently presented stationary (or directionally ambiguous) test
pattern to be perceived in the opposite direction to that of the adap-
tation. TheMAE is a well-documentedmotion illusion that has been
widely used to investigate the spatiotemporal tuning of direction-
selective mechanisms (Bex, Verstraten, & Mareschal, 1996;
Mareschal, Ashida, Bex, Nishida, & Verstraten, 1997). Winawer
et al. (2008) found that adapting to photos depicting objects with
directional motion and testing with real motion produced the
MAE. In this case, the presence of theMAE suggests the involvement
of direction-selective mechanisms.
The present study further investigated whether implied motion
and physical motion share the same direction-selective mecha-
nisms, testing for the presence of another motion illusion: the
motion-induced position shift (MIPS). It has been shown that the
188 A. Pavan et al. / Vision Research 51 (2011) 187–194perception of motion inﬂuences the perceived position of an
object. When observing a moving object, its position appears to
be shifted in the direction of motion (Bressler & Whitney, 2006;
Chung, Patel, Bedell, & Yilmaz, 2007; De Valois & De Valois,
1991; Fu, Shen, Gao, & Dan, 2004; Harp, Bressler, & Whitney,
2007; McGraw, Walsh, & Barrett, 2004; McGraw, Whitaker, Skillen,
& Chung, 2002; Pavan & Mather, 2008; Whitney, 2002). We al-
lowed the subjects to adapt to photographs depicting directional
moving objects, and immediately after the adaptation period, we
displayed stationary objects (test patterns) and measured their
perceived position. The rationale was that if a prolonged exposure
to stationary photographs depicting moving objects caused adap-
tation of direction-selective mechanisms, the perceived position
of the test patterns would be shifted in the opposite direction to
that of the adaptation; that is, the perceived position of the test
patterns would be shifted in the direction of the MAE, generating
the MIPS. It is worthwhile to measure the positional shifts induced
by adaptation to implied motion, since the MIPS shows quite dif-
ferent spatiotemporal characteristics and underlying mechanisms
from those of the traditional MAE. For example, the MAE is tuned
for many visual features, such as spatiotemporal frequencies (Bex
et al., 1996; Ledgeway & Hutchinson, 2009; Mareschal et al.,
1997) and contrast (Nishida, Ashida, & Sato, 1997), and exhibits
different degrees of interocular transfer (IOT) depending on the
test pattern used (Nishida, Ashida, & Sato, 1994). Indeed, McGraw
et al. (2002) showed that the magnitude of the MIPS remains rela-
tively unchanged despite the introduction of marked differences
between adapting and test stimuli for each of these dimensions.
Moreover, these authors showed that the illusory positional shift
occurred regardless of whether the observers perceived motion
in the test pattern after the adaptation period, suggesting the
involvement of motion-dependent mechanisms that induce local
distortion in the positional map of the stimulus affecting its per-
ceived position. Recent studies, employing different paradigms,
have examined the spatial and temporal properties of the MIPS
(Arnold & Johnston, 2005; Bressler & Whitney, 2006; De Valois &
De Valois, 1991; Durant & Johnston, 2004; Fu et al., 2004; McGraw
et al., 2002). Overall, these studies suggest the presence of speciﬁc
velocity- and direction-selective mechanisms that play an impor-
tant role in mediating the MIPS. In particular, Bressler andWhitney
(2006) showed that the magnitude of the illusory MIPS for drifting
Gabor patches increased with increasing velocity, even if the peak
effect at higher velocities occurred only for the lowest spatial fre-
quency employed (0.18 c/deg). Chung et al. (2007) found that the
MIPS increased monotonically as the velocity of the drifting carri-
ers increased. However, the rate of change of the MIPS with veloc-
ity was not the same across stimulus durations. In particular, for
stimulus durations of about 100 and 450 ms, the perceived posi-
tion shift reached a plateau at a velocity of approximately 1 deg/
s. In contrast, for brief stimulus duration (e.g., 50 ms), the magni-
tude of the MIPS increased continuously across all the tested veloc-
ities (up to 16 deg/s), producing evidence that velocity inﬂuences
the temporal properties of the illusion. These velocity-tuned chan-
nels seem to be implemented at the level of motion area V5/MT
(see Priebe, Cassanello, & Lisberger, 2003). Indeed, the MIPS has
been shown to depend on the functional integrity of area V5/MT
(McGraw et al., 2004). This pattern of results has been conﬁrmed
by recent psychophysical evidence (Hisakata & Murakami, 2009;
Mather & Pavan, 2009), which showed that the MIPS is likely to
occur after motion integration, that is, at the level of area V5/MT,
further suggesting that V5/MT is not only a motion sensitive area
but also a neural locus in which motion and spatial position inter-
act. Thus, if viewing photographs of implied motion activates
direction-selective and velocity-tuned mechanisms involved in
the perception of physical motion, then adapting to implied motion
would produce an aftereffect that, in turn, would shift theperceived position of subsequently presented stationary objects
opposite with respect to the direction (implied) of adaptation.
The presence of a shift in the position of a stationary object follow-
ing adaptation to implied motion would suggest the involvement
of cortical areas in which motion direction and spatial position
interact. Alternatively, prolonged exposure to implied directional
motion may selectively adapt higher levels of motion processing
in which neurons are still selective to motion direction but rela-
tively insensitive to spatial position (e.g., LIP and MST neurons;
Duffy & Wurtz, 1991a, 1991b; Janssen, Srivastava, Ombelet, &
Orban, 2008; Tanaka & Saito, 1989; Williams, Elfar, Eskandar, Toth,
& Assad, 2003). In the latter case, the MIPS would not occur. The
present study tested whether adaptation to implied motion is able
to shift the perceived position of stationary Gaussian blobs pre-
sented immediately after the adaptation period.
2. Methods
2.1. Subjects
One author and nine subjects who were unaware of the purpose
of the study participated in the experiments. They sat in a dark
room and were immobilized with a chin rest placed at 57 cm from
the screen. Viewing was binocular. They were instructed to ﬁxate
on the center of the screen and were given initial training to famil-
iarize themselves with the stimuli and the task. All subjects had
normal or corrected-to-normal visual acuity. Subjects participated
voluntarily with no compensation and gave their informed consent
prior to their inclusion in the experiment.
2.2. Apparatus
Stimuli were displayed on a 19 in. CTX CRT Trinitron monitor
with a refresh rate of 60 Hz and generated with Matlab Psychtool-
box (Brainard, 1997; Pelli, 1997). The screen resolution was
1280  1024 pixels. Each pixel subtended 1.9 arcmin. The mean
luminance was 46.7 cd/m2. Luminance was measured using a
Minolta LS-100 photometer. A gamma-corrected lookup table
(LUT) was used so that luminance was a linear function of the dig-
ital representation of the image.
2.3. Stimuli and procedure
The adaptation stimuli were 80 photographs found on the Inter-
net and displayed in gray scale. Forty photographs depicted people,
animals, or vehicles moving either leftward or rightward, and 40
depicted still people, animals, or vehicles but always oriented
either leftward or rightward (Fig. 1). Each image was scaled to ﬁt
an area subtending 9.47  7.37 deg. The images were placed at
6.6 deg above and 6.6 deg below a central ﬁxation spot (diameter:
0.16 deg). The top and the bottom images were equal but always
mirrored. This permitted the subjects to adapt simultaneously to
leftward and rightward implied motion or orientation.
In each block, the implied motion direction (or orientation) of
the object depicted in the top and bottom images was kept con-
stant. Each adaptation trial consisted of an initial adaptation period
of 60 s, followed by the test stimulus (500 ms) and top-up adapta-
tion periods (10 s) that were interleaved (Fig. 2). The direction of
adaptation (i.e., top image leftward and bottom image rightward
and vice versa) and the type of objects depicted were varied
between blocks, either moving or stationary. Each sequence of
adapting photographs was generated by randomly shufﬂing the
sample of 40 photos without repetition until all the photos were
presented so that any photo was equally likely to follow every
other picture. Images were shown every 500 ms; thus, the 40
photographs were presented three times during the initial 60 s
Fig. 1. Example of adapting images. (A) Photographs with leftward and rightward implied motion. (B) Photographs depicting leftward and rightward oriented stationary
elements.
Fig. 2. Adaptation procedure. Subjects adapted to a succession of stationary photographs depicting either moving elements or still oriented objects. Following 60 s of
adaptation (the ﬁrst trial) or 10 s of top-up adaptation, two Gaussian blobs were presented above and below the central ﬁxation spot.
A. Pavan et al. / Vision Research 51 (2011) 187–194 189adaptation trial of each block, whereas 20 images (randomly sam-
pled) were presented during each of the 10 s top-up adaptation
periods. Photographs depicting still objects were included in orderto rule out the possibility that photographs depicting stationary
but oriented objects can adapt motion sensitive units and generate
the MIPS. Subjects ﬁxated on a point at the center of the screen
Fig. 3. Two Gaussian blobs are physically aligned (A) (not included in the present
experiment; see Section 2), but after adaptation to implied leftward motion (top
image) and rightward motion (bottom image) (see Fig. 2), they appear misaligned
and shifted opposite with respect to the adaptation direction (B).
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the relative position of two Gaussian blobs (Weber Contrast 0.69)
placed at 6.6 deg above and 6.6 deg below the ﬁxation point. The
Gaussian blobs had a full width of 3.3 deg at half maximum ampli-
tude. On each trial, the two Gaussian blobs were horizontally offset
in opposite directions by one of six values (0.39, 0.13, 0.026,
0.026, 0.13, 0.39 deg of visual angle; positive values indicate right-
ward offset, negative values indicate leftward offset). After the test
stimulus, subjects indicated with a button press whether the top
Gaussian blob appeared more to the left or more to the right of
the bottom one. The present study was based on McGraw et al.’s
study (2002), which showed that the MIPS occurred regardless of
whether the observers perceived motion after adaptation. How-
ever, in the present study, Gaussian blobs were used instead of
Gabor patches in order to avoid the presence of any illusory motion
in the test pattern opposite the (implied) direction to that of the
adaptation, thereby ensuring a pure measure of the positional shift
induced by adaptation to implied motion. Subjects performed a to-
tal of eight blocks (four blocks with images depicting moving ob-
jects and four depicting still objects), and each block consisted of
60 trials (10 repetitions of each offset value). For the blocks in
which the images depicted moving objects, in two of these blocks,
the top image depicted leftward motion and the bottom image
rightward motion and vice versa for the other two. Similarly, for
the blocks in which the images depicted still objects, in two blocks,
the top image depicted the object oriented leftward and the bot-
tom image the object oriented rightward and vice versa for the
other two. The implied motion condition (four blocks) and the
control condition (still objects – four blocks) were presented in
randomized order across subjects; that is, subjects viewed the
blocks with implied motion and then those with still objects or vice
versa. In addition, within each condition, the blocks in which the
top image depicted leftward motion (or orientation) and the blocks
in which the top image depicted rightward motion (or orientation)
were randomized. The method of constant stimuli was used. The
proportions of responses that were opposite with respect to the
direction of adaptation were plotted as a function of the misalign-
ment between the Gaussian blobs (Harp et al., 2007), and a logistic
function was ﬁtted to the data in order to estimate the 50% corre-
sponding to the physical misalignment between the Gaussian
blobs required for apparent alignment (the point of subjective
equality, PSE; Finney, 1971; McKee, Klein, & Teller, 1985). More-
over, in order to establish whether there was a difference in terms
of sensitivity between the images depicting moving and still ob-
jects, subjects were instructed to attend to the pictures for two rec-
ognition memory tests, one administered at the end of the implied
motion condition and the other following the control condition. In
particular, after each condition, 60 images were serially presented
to the observers; 30 images had been displayed during the exper-
iment (old images) and 30 were new. Subjects performed two new/
old recognition memory tests. The subjects were not instructed to
imagine or attend speciﬁcally to the motion direction or the orien-
tation of the depicted objects (Winawer et al., 2008).3. Results
The results showed that adapting to photographs depicting
directional motion shifts, the perceived position of the stationary
Gaussian blobs opposite with respect to the direction of the adap-
tation (the MIPS). For instance, if two Gaussian blobs are physically
aligned, after adaptation to directional implied motion, they ap-
pear to be shifted opposite with respect to the direction of the
adaptation (Fig. 3). However, when adapting to photographs
depicting still but leftward and rightward oriented objects, the
MIPS does not occur.Fig. 4 shows the psychometric functions for four representative
subjects, illustrating the magnitude of the MIPS after adaptation to
photographs depicting still and moving objects. For all the subjects,
the position shift is higher when adapting to photographs depict-
ing motion than when adapting to photographs depicting still ob-
jects. The psychometric functions, such as that shown (Fig. 4),
always spanned values that were signiﬁcantly different from the
midpoint, and all the curve ﬁts passed an X2 goodness-of-ﬁt test.
This pattern of results is consistent across all the tested subjects.
Fig. 5A summarizes the mean position shift across 10 subjects
(±1 SE). The mean position shift found when adapting to implied
motion was 0.047 deg (3 arcmin) (SEM: 0.0074), whereas adapt-
ing to photographs depicting oriented still objects shifted the per-
ceived position by 0.0017 deg (0.1 arcmin) (SEM: 0.0053). A
paired-samples t-test conducted on the PSEs showed that the MIPS
obtained adapting to implied motion was signiﬁcantly higher than
the MIPS obtained adapting to photographs depicting still objects
(t(9) = 4.21; p = 0.002). In addition, the results showed the pres-
ence of a very weak MIPS also when adapting to photographs
depicting still objects. This effect was not signiﬁcantly different
from zero (t(9) = 0.31; p > 0.05), whereas the MIPS obtained when
adapting to implied motion was (t(9) = 6.26; p < 0.001).
A paired-samples t-test conducted on the slopes of the best-
ﬁtting psychometric functions did not reveal a signiﬁcant differ-
ence between adaptation to still objects and implied motion
(t(9) = 0.51; p > 0.05; mean slopes: 11.12 [SEM: 1.05] and 11.75
[SEM: 0.61] for adaptation to photographs depicting still and mov-
ing objects, respectively); the slopes were calculated as the reci-
procal of the standard deviation of the psychometric function.
The absence of a signiﬁcant difference between the slopes indi-
cates that there were no differences in the subjects’ ability to dis-
criminate small differences in position after adaptation to implied
motion or still objects (Mather & Pavan, 2009). Moreover, a paired-
samples t-test conducted on the d’s obtained in the new/old recog-
nition memory tests did not show a signiﬁcant difference in terms
of sensitivity between the images depicting moving objects (im-
plied motion condition) and those depicting still objects (control
condition) (t(9) = 1.31; p > 0.05; mean d’s: 1.8 [SEM: 0.28] and
Fig. 4. Representative psychometric functions for four subjects. The abscissa shows the physical alignment between the Gaussian blobs in degrees of visual angle. Positive
values along the abscissa indicate that the Gaussian blobs were misaligned in the direction of adaptation (positive values, therefore, indicate the presence of a positional
aftereffect). The PSE is the physical misalignment between the Gaussian blobs that created an apparent alignment; this estimates the magnitude of the illusory position shift.
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images depicting still objects and moving objects, respectively).4. Discussion
In the present study, we allowed the subjects to adapt to photo-
graphs either depicting implied motion or stationary oriented ob-
jects, and then, we measured the shift in the perceived position
of subsequently presented static Gaussian blobs. The results
showed that adapting to implied motion signiﬁcantly biased the
perceived position of subsequently presented stationary Gaussian
blobs in the direction opposite with respect to the adaptation.
However, when adapting to the images depicting oriented still ob-
jects, the position of the stationary Gaussian blobs was not biased.
Thus, adapting to implied motion inﬂuences both real motion
(Winawer et al., 2008) and perceived spatial position. Moreover,
the present study obtained other two relevant ﬁndings. First, the
MIPS measured on the test stimulus was shown to depend onthe retinotopic location of the adapting stimulus. This is because
the effect measured was obtained by adapting to two simultaneous
photograph streams placed one above and the other below the ﬁx-
ation point, with the depicted motion in opposite directions. This
was not done in any of the previous studies of implied motion
using psychophysics or brain imaging. Second, the control condi-
tion with photographs depicting people, animals, or vehicles at rest
highlighted the fact that the implied motion per se, and not just de-
picted orientation, contributes to the effect. In addition, as pointed
out by Winawer et al. (2008), results like the above cannot be ex-
plained by an unbalancing in the motion-energy units due to the
image sequences or by apparent motion induced by successive
images. This is because the image sequences were generated ran-
domly on each adaptation and top-up trial. Moreover, images
depicting people, animals, and vehicles were randomized. It is un-
likely that successive images of such different elements produced
apparent motion. Moreover, it is unlikely that the above results
can be explained on the basis of eye movements. The experimental
procedure used in the present study strongly minimized the
Fig. 5. (A) Mean perceived misalignment (MIPS) after adaptation to implied motion and oriented still objects. Error bars ± SEM. (B) Mean slopes of the best-ﬁtting
psychometric functions. Error bars ± SEM.
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of the relative position of the top Gaussian patch with respect to
the bottom one, the subjects had to continue looking at the central
ﬁxation spot. In addition, if the results depended on systematic eye
movements, one would expect similar results when adapting to
images depicting still oriented objects. Winawer, Huk, and Borodit-
sky (2010) showed that mental imagery of motion produces the
MAE. However, in the present case, the subjects are unlikely to
have actively imagined motion while viewing the images. This is
because (i) the subjects were not instructed to either attend to im-
plied motion or imagine it, and (ii) active imagery typically re-
quires time to emerge (i.e., from few hundred milliseconds to
seconds – Kosslyn, 1976). Additionally, the images followed one
another at a relatively fast rate (2 Hz).
The results of the present study suggest that adapting to implied
motion produces the same motion-dependent illusion of that ob-
tainedwhenusing realmotion (i.e., theMAEandMIPS). In this study,
adapting to impliedmotion shifted theperceivedpositionof station-
aryobjects displayed in the sameadapted retinal locations (i.e., posi-
tional aftereffect; Whitney & Cavanagh, 2003). The positional shift
obtained, even though quite small (0.047 deg), is very similar to
the positional shift measured by Pavan and Mather (2008) with
second-order (contrast-deﬁned) motion (i.e., 0.075 deg). Implied
motion may activate speciﬁc motion channels involved in second-
ordermotion processing, thus exploiting neural circuits that encode
high-order motion. This is plausible since ﬁrst-order (luminance-
deﬁned) motion is able to produce a positional shift that is 10 times
(Pavan &Mather, 2008) the positional shift measured in the present
study. Indeed, a striking number of studies suggest that impliedmo-
tion recruits and activates the same cortical areas that are activated
during the perception of real motion (Kourtzi & Kanwisher, 2000;
Lorteije et al., 2007; Osaka et al., 2010; Proverbio, Riva, & Zani,
2009; Senior et al., 2000; Williams & Wright, 2010), plus a series of
other cortical areas depending on the stimuli and task used. For
example, using fMRI, Osaka et al. (2010), found an activation of
V5/MT when subjects viewed drawings depicting human bodies
that were engaged in challenging tonic postures, whereas illustra-
tions without impliedmotion did not activate the V5/MT. Proverbio
et al. (2009), using ERPs, showed thatwhen subjects viewedpicturesdepicting humans’ actions, the right V5/MT area was activated, plus
a series of cortical areas (e.g., the left extrastriate body area [EBA],
the left superior temporal sulcus [STSl], the left premotor andmotor
areas, and the cingulate and infero-temporal cortex [IF]) involved in
biological motion and action representation. Senior et al. (2000),
using fMRI with representational momentum (i.e., a distortion in
recognition memory for the position of an object that is shifted in
the direction of implied motion), found activity in V5/MT, as well
as additional bilateral activity within a posterior satellite of V5/MT
and activation in the anterior cingulate cortex. Based on these re-
sults and the implicit nature of representational momentum (and
more generally of impliedmotion), the authors suggested that high-
er-order semantic information can act on secondary visual cortical
areas to alter perception without explicit awareness. Overall, these
results suggest that viewing implied motion activates the motion
area V5/MT aswell as a network of other cortical areas. On the other
hand, Lorteije et al.’s (2010) recent study did not ﬁnd evidence for
implied motion processing in macaque areas MT and MST: The
few cells that showed selectivity for implied motion also tended to
have larger differences in responses to the vertical and tilted bar ﬁg-
ures, suggesting that the response to implied motion could reﬂect
responses to low-level visual features, such as oriented stimuli. fMRI
results conﬁrmed that low-level stimulus features might explain
implied motion activation in human MT+. Lorteije et al. (2010),
however, did not allow the subjects to adapt to implied motion,
and it is possible that the short exposure time they used (500 ms)
with implied motion was not sufﬁcient to activate MT and MST or
permit some feedback from higher-level areas. Indeed, previous
studies that found activation of human MT+ required longer expo-
sure to implied motion (i.e., 1 or 2 s; see Kim & Blake, 2007; Osaka
et al., 2010).
The results ofWinawer et al.’s (2008) study and thepresent study
indicate that at some point along the motion processing hierarchy,
prolonged exposure to impliedmotion affects the response of direc-
tion-selective and, possibly, speed-tunedmechanisms.Although the
MIPS following adaptation to real directional motion can be de-
creased with transcranial magnetic stimulation (TMS) over area
V5/MT delivered after adaptation (McGraw et al., 2004), it is not
clear yet which cortical areas are involved in the MIPS with implied
A. Pavan et al. / Vision Research 51 (2011) 187–194 193motion. However, the results of the present study suggest a cortical
site with a preserved retinotopical organization.
What is the mechanism causing the MIPS with real motion?
A hint for answering this question comes fromWhitney et al.’s study
(2003). By using fMRI, they found distinct regions of activation for
inwardandoutwardmotion:Patterns that contained inwardmotion
and perceived to be closer to the ﬁxation point (i.e., closer to the fo-
vea and therefore expected to produce activity closer to the occipital
pole representing the fovea) generated instead an activity whose
peak was more eccentric in the early visual cortex; on the contrary,
patterns that contained outwardmotion and perceived to be farther
from the fovea generated activity that peaked in correspondence to
the center of the occipital pole (representing foveal stimuli). A pos-
sible explanation for this counterintuitive result is that the pattern
of activation obtained by Whitney et al. (2003) reﬂects activation
in correspondence to the trailing edge of the patterns (i.e., at the ori-
gin of the motion) and could be related to motion deblurring pro-
cesses (Burr & Morgan, 1997) that operate more strongly on the
trailing edges of moving objects. To some extent, these results ex-
plain why the perceived positions of the patterns appeared to be
shifted in the direction of motion. Since the contrast of the trailing
edge is perceptually reduced, the centroid of the whole pattern ap-
pears displaced toward the leading edge. Recently, Tsui, Khuu, and
Hayes (2007) provided further psychophysical demonstrations that
motion shifts the centroid of the moving pattern in the direction of
motion. Thus, adapting to impliedmotionmay cause the same posi-
tional bias seenwith theGaussianpatchesby shifting their centroids
in the direction opposite with respect to the adaptation. This would
further suggest that theMIPS produced by impliedmotion could de-
pend on the same neural structures in which the outputs of direc-
tion-selective units are combined with information about spatial
position.
The magnitude of the MIPS depends on the pattern speed
(Bressler & Whitney, 2006; Chung et al., 2007; McGraw et al.,
2002). In the present study we randomized photographs depicting
elements with different (inferred) speeds. The fact that a small ef-
fect was obtained when adapting to implied motion could be due
to the differences in the relative speed of the depicted elements,
which might have activated different speed-tuned neural popula-
tions. For example, a running cheetah at its maximum speed is al-
ways slower than a racing car at its maximum speed. Thus, it is
possible that a sample of images depicting moving objects with dif-
ferent speeds might have affected the size of the effect. This point
of view is supported by Williams andWright’s recent study (2010),
in which the authors investigated the relationship between per-
ceived speed as represented within static images and the patterns
of activity of area V5/MT. They showed an increase in the BOLD sig-
nal consistent with the increased speed information inherent with-
in the images.
In summary, the results of the present study suggest that im-
plied motion could recruit the same directional-selective and
speed-tuned units involved in real motion perception and that im-
plied motion can independently activate cortical areas involved in
both motion processing and the integration of motion and spatial
position. In future experiments, it would be worthwhile to use
fMRI and directly interfere with performance using TMS over areas
along the motion stream to assess which cortical sites are strictly
involved in the perception of the MAE and MIPS following adapta-
tion to implied motion.
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